Two Palaeogene fluvial fan systems linked to the south-Pyrenean margin are recognized in the eastern Ebro Basin: the Cardona-Suria and Solsona-Sanau ja fans. These had radii of 40 and 35 km and were 800 and 600 km2 in area respectively. During the Priabonian to the Middle Rupelian, the fluvial fans built into a hydrologically closed foreland basin, and shallow lacustrine systems persisted in the basin centre. In the studied area, both fans are part of the same upward-coarsening megasequence (up to 800 m thick), driven by hinterland drainage expansion and foreland propagation of Pyrenean thrusts. Fourteen sedimentary facies have been grouped into seven facies associations corresponding to medial fluvial fan, channelized terminal lobe, non channelized terminal lobe, mudflat, deltaic, evaporitic playa-lake and carbonate-rich, shallow lacustrine environments. Lateral correlations define two styles of alluvial-lacustrine transition. During low lake-level stages, terminal lobes developed, whereas during lake highstands, fluvial-dominated deltas and interdistributary bays were formed. Terminal lobe deposits are characterized by extensive (100-600 m wide) sheet-like fine sandstone beds formed by sub-aqueous, quasi-steady, hyperpycnal turbidity currents. Sedimentary structures and trace fossils indicate rapid desiccation and sub aerial exposure of the lobe deposits. These deposits are arranged in coarsening-fining sequences (metres to tens of metres in thickness) controlled by a combination of tectonics, climatic oscillations and auto cyclic sedimentary processes. The presence of anomalously deeply incised distributary channels associated with distal terminal lobe or mudflat deposits indicates rapid lake-level falls. Deltaic deposits form progradational coarsening-upward sequences (several metres thick) characterized by channel and friction-dominated mouth-bar facies overlying white-grey offshore lacustrine facies. Deltaic bar deposits are less extensive (50-300 m wide) than the terminal lobes and were also deposited by hyperpycnal currents, although they lack evidence of emergence. Sandy deltaic deposits accumulated locally at the mouths of main feeder distal fan streams and were separated by muddy interdistributary bays; whereas the terminal lobe sheets expand from a series of mid-fan intersection points and coalesced to form a more continuous sandy fan fringe.
INTRODUCTION
Large fluvial fan systems are common in foreland settings adjacent to active mountain belts (Ana d6n et al., 1985; DeCelles & Giles, 1996; Hovius, 1996; Nichols & Hirst, 1998; L6pez-Blanco et al., 2000; Jones, 2004; Yuste et al., 2004; Luz6n, 2005; Nichols & Thompson, 2005) where they often pass laterally into hydrologically open or closed lacustrine systems in the foredeep basin. The interrelation between the fans and lakes is complex, particularly in closed basins, because the lake level is very sensitive to climate (Anad6n et al., 1989; Kelly, 1993; Sadler & Kelly, 1993; Hinds et al., 2004) and the interaction between fan and lake processes, and the resulting facies architecture, are poorly understood.
Fluvial fans (or megafans of Gohain & Parkash, 1990) were defined by Collinson (1996) as large fans characterized by the migration of permanent or intermittent channelized streams. Channel shifting is largely random, and related to crevas sing and the development and abandonment of channel bars. In this paper, the term fluvial fa n is used to describe large (102_103 km2), low gradi ent, fan-shaped sediment accumulations formed mostly by fluvial deposits (Moscariello, 2005) . Usually, these are associated with large catch ments draining mountain ranges. By contrast, alluvial fa ns are usually smaller in size (com monly ,; 100 km2), have local catchments and steeper slopes, and may involve significant grav ity-flow processes (Blair & McPherson, 1994) . Fluvial fans may be fringed in their distal parts by a variety of other non-marine alluvial or lac us trine environments. The facies and sequential arrangement of distal-alluvial systems have been described in ancient extensional settings (Hubert & Hyde, 1982; George & Berry, 1993; Mack et al., 1997; Hornung & Aigner, 2002a,b) and in recent and ancient foreland and back-arc basins (Tun bridge, 1984; DeCelles & Cavazza, 1999; Newell et al., 1999; Horton & DeCelles, 2001; Shukla et al., 2001; Zavala et al., 2006) . Modern sedi mentary processes in distal-alluvial environ men ts in dryland areas have been described by Mukerji (1976) , Friend (1978) , Parkash et al. (1983) , Sneh (1983) , Abdullatif (1989) , Kelly & Olsen (1993) and Croke et al. (1996) . Kelly & Olsen (1993) introduced the term terminal fa n for the whole fan system in situations where the water discharged across the fan surface was lost to infiltration and evaporation. In this paper, the term terminal lobe is used to identify the distal part of a larger fan -akin to a distal secondary fan lobe -interfingering with standing bodies of water or mudflat deposits (e.g. George & Berry, 1993; Hinds et al., 2004) . These sub-environ ments display a complex fan-like distributary stream pattern dominated by sheet sandstones which are formed from frontal splays built by flash discharge in front of distributary channels. In this definition, deltaic settings are not included in the terminal lobe environment.
An appropriate modern analogue for the distal fluvial and lacustrine systems described in this paper is the marginal areas of Lake Eyre, Austra lia, described by Lang et al. (2004) . These authors discuss the detailed bed geometries and lateral relationships between sub-environments and re fer to the distal fluvial deposits as fluvial-lacus trine deltas and terminal splays, the latter being equivalent to the definition of terminal lobes followed here. Despite work by Lang et al. (2004) and the sedimentary processes described also by Tooth (1999a,b) , Magee et al. (1995) and Croke et al. (1996) , no detailed studies of thick and well-exposed distal fluvial fan sequences and the lateral and vertical relationships between distal fluvial and lacustrine facies have been discussed in the literature. To fill this gap, a sedimento logical and stratigraphical study was carried out on the Tertiary continental fill of the eastern Ebro Basin, Spain. The present-day geomorphology of this area reflects a history of Alpine uplift and subsequent river entrenchment, resulting in extensive outcrops that make this area an ideal location for three-dimensional sedimentological and architectural studies.
The aims of this paper are to: (i) describe and analyse the distal deposits of two contrasting Palaeogene fluvial fan systems developed in the eastern Ebro Basin; (ii) characterize the relation ships between the fluvial fan deposits and the deposits from shallow, hydrologic ally closed lacustrine systems that developed in the centre of the basin; and (iii) provide an interpretative model to aid the understanding of the evolution of fluvial fan systems with particular emphasis on the relationship between terminal lobes, deltas and coeval lacustrine systems.
GEOLOGICAL SETTING
The Ebro Basin (Fig. 1) represents the autochtho nous part of the southern foreland sedimentary basin-complex flanking the Pyrenees, and develop ed in response to south-verging thrust systems during the Upper Cretaceous -Palaeogene. To the SW, the south-Pyrenean foreland basin is boun ded by the Iberian Range and by the Catalan Coastal Ranges to the SE (Fig, 1) , During the Palaeogene, ca. 100 km of southward displace ment took place on the Pyrenean thrust front (Mufioz, 1992) .
In the Late Eocene, a widespread marine regression and the tectonic restriction of the basin resulted in the deposition of marine evaporites that are up to 300 m thick (the Cardona Forma tion). From the Late Eocene to the Miocene, the Ebro Basin was characterized by internal drain age. In this non-marine basin, marginal alluvial systems and central shallow lacustrine and mud flat environments developed. In the basin centre, several major lacustrine expansion-contraction cycles, each lasting ca. 2 Myr, occurred (Anad6n et al., 1989) . In the eastern Ebro Basin, the marginal alluvial deposits correspond to: (i) a set of low gradient fluvial fa ns, 500-1500 km2 in area, derived both from the Pyrenees (including the Suria-Cardona and Solsona-Sanaiija fans) and the Catalan Coastal Ranges (including the Manresa-Igualada fan), and from the Iberian Range (Fig. lA) . These fluvial fans were fed by relatively large drainage areas, and entered lac us trine systems distally; (ii) smaller, high gradient alluvial fa ns which were fed by local drainage areas, directly from the mountain fronts, lateral to the fluvial fans and consisting mainly of mass flow conglomerates, similar to other small allu vial fans along the Pyrenean mountain front (Williams et al., 1998) and the Catalan Coastal Ranges (Anad6n et al., 1985 . A mid latitude warm climate (tropical to sub-tropical) characterized the Late Eocene, with a change to a climate with a dry season during the latest Eocene, and drier climate conditions during the Early Oligocene (Sole & de Porta, 1982; Cabrera & Saez, 1987; Saez, 1987; Cavagnetto & Anad6n, 1996) .
During the Palaeogene, sedimentation along the N and SE margins of the eastern Ebro Basin was coeval with thrust displacements and the genera tion of high relief. This is reflected in the development of progressive synsedimentary unconformities and growth folds in the alluvial fan conglomerates along both the Pyrenean margin (Berga Group: Riba, 1976; Anad6n et al., 1986; Verges et al., 2002) and the Catalan Coastal ranges (Anad6n et al., 1985 (Anad6n et al., , 1986 L6pez-Blanco et al., 2000; L6pez-Blanco, 2002) . Two Palaeogene fluvial fan systems of northern provenance (the Cardona-Suria and Solsona-Sanaiija fans) with radii of about 40 and 35 km, and areas of 800 and 600 km2, respectively, have been recognized in the eastern Ebro Basin (Fig. lA) . These have been identified on the basis of a radial arrangement of palaeocurrents ( fig. 3, Malmsheimer et al., 1979; Saez, 1987) . The distal deposits of the Cardona Suria fluvial fan system are exposed in a N-S orientated, discontinuous cross-section, 10 km long, where the Cardener River trenches although the Cardona and Suria anticlines (Fig. IB) . The distal deposits of the Solsona-Sanaiija fluvial fan occur in a continuous W-E orientated, 5 km long exposure, which corresponds to the N flank of the Ponts-Calaf anticline (Fig. IB) . Although the flu vial-lacustrine success ions in both areas were coeval, the western succession (Solsona-Sanaiija) shows thicker lacustrine deposits than that in the east (Cardona-Suria) because the eastern shore line of the lake stepped westwards as fluvial fans expanded from Nand S during the Palaeogene.
The locations of the fluvial fan outlets in the northern basin margin were con trolled by the position of the main palaeovalleys which flowed transverse to the south-Pyrenean Thrust Front (Fig. 1) . In particular, the Suria-Cardona fluvial fan was fed by the drainage which formed to the E of the Pedraforca thrust sheet, North of Berga (Fig. IB) . This setting constitutes the modern upper Llobregat River valley ( Fig. lA and B) . The Solsona-Sanaiija fluvial fan was fed by the drainage basin which formed to the E of a lateral ramp associated with the Montsec thrust sheet. This drainage basin partially corresponds today to the upper Cardener River valley ( Fig. lA and  B) . Similar features have been described by Nichols & Hirst (1998) and Jones (2004) in the southern central Pyrenees where the main rivers generating Oligo-Miocene fluvial fans were spaced at a regular distance of 20-30 km.
The Upper Eocene-Lower Oligocene fluvial fan deposits along the Pyrenean margin of the basin (Berga Group, Solsona and Suria formations) pass laterally, in the centre of the basin, into lacustrine deposits of the Barbastro (evaporites), Tora (sand stones and siltstones) and Castelltallat (lime stones) formations (Saez, 1987; Anad6n et al., 1992; Del Santo et al., 2000; Fig. 2) . The overall stratigraphic pattern comprises a vertical super position of coarse alluvial deposits on fine allu vial deposits, which in turn overlie evaporite and/or carbonate lacustrine deposits. This coar sening-upward megasequence was formed by the progradation of the fluvial fan systems from the north, linked to the N-S advance of the Pyrenean thrust front and to the growth of the hinterland catchment areas. The latter may have been favoured by tectonic ally controlled river capture as shown by Jones (2004) for fluvial Oligo-Mio cene fan systems in the south-central Pyrenees, to the west of the study area. The top of the lacustrine units (Tora and Castelltallat formations, Fig. 2 ) becomes younger to the west, indicating coeval displacement of the basin depocentre, a consequence of the lack of accommodation in the east forced by the merging and expansion of the Pyrenean (from N to S) and Catalan alluvial systems (from SE to NW; AlIen & -Rajetzky, 1982; Saez, 1987; Anad6n et al., 1989) .
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MEDIAL-DISTAL FLUVIAL FAN AND LACUSTRINE FACIES ASSOCIATIONS
The Palaeogene alluvial deposits of the eastern south-Pyrenean provenance are arranged as E-W -t-' ., ,.
• Igualada ..-Palaeocurrent dispersion (mainly from sole marks in sandy lobe beds) sandy facies belts, 5-20 km wide, which are parallel to the Pyrenean front (Fig. 3 ). In the studied area, 14 sedimentary facies are distin guished (Table 1 ) on the basis of lithology, sedi mentary structures, shape and width/thickness ratio of the sandy beds, trace fossils and colour. The vertical and lateral relationships between the facies have been used to establish seven facies associations (Table 2 ). These associations corres pond to fluvial fan deposits, which comprise medial and distal fan deposits (the latter inclu ding channelized and non-channelized terminal lobe deposits), mudflat deposits and lacustrine deposits (including deltaic, evaporitic playa-lake and carbonate-rich nearshore-offshore deposits) and are described in more detail below .
Fluvial fan facies associations
The fluvial fan facies associations ( Tables 1 and  2 ) that have been recognized in the studied area comprise medial and distal fluvial fan deposits. The distal fluvial fan association includes chann elized (relatively proximal), and non-channelized (distal) terminal lobe deposits . The proximal fluvial fan facies are not exposed in the study area although, close to the Pyrenean front, they mainly consist of gravely to sandy stream flood deposits interbedded with alluvial-fan conglo merates transported by cohesionless gravity flows (Williams et al., 1998) .
Medial fluvial fan (MFF)
This association consists mainly of very coarse grained to fine-grained grey sandy channel-fill deposits (facies SI) which alternate with fine grained, red mudstone-dominated overbank deposits (facies Ml) (Fig . 4) . The channel-fill deposits display isolated ribbon geometries, are up to 3'5 m thick and 30-500 m wide, with a multistorey infill characterized by structureless and planar-cross or trough-cross bedded sand stones and mudstones (facies SI). Downfan, at the transition to the distal-fan deposits from the medial fluvial fan, the channel bodies show less incision and have a wider lateral extent (about 500 m) than in more proximal settings. Low angle, sigmoidal cross stratification can be recognized as lateral accretion packages within the ribbon chan nel deposits (la in Fig. 4 ). The uppermost 10 cm of the sigmoidal sandbodies are very coarse-grained and show intense bioturbation . Trace fossils include structures similar to those ascribed to termite nests (e.g. Hasiotis, 2002 Hasiotis, , 2003 , root traces and unfilled or passively filled vertical burrows that are locally Y-shaped (comparable with the beetle burrows of Hasiotis, 2003) . Root traces and possible termite nest structures in the lateral accretion sandbodies indicate relatively long-term sub-aerial exposure of vegetated river benches (Buatois & Mangano, 1995; Genise et al., 2000) in the medial fluvial fan area.
Channelized terminal lobe
This association consists of grey channel-fill sandstone beds up to 1'5 m thick and 50-100 m wide characterized by slightly erosive basal scoured surfaces (facies S2) which are amalgama ted with sheet-like sandstone beds (facies S3), both forming 2-22 m thick, tabular sandy inter- vals which can be wider than 10 km laterally (Fig, 5) , The sandstone intervals alternate with 2-28 m thick, red (facies Ml) and grey (facies M2) mudstone-dominated beds, The above facies are arranged in 6-45 m thick coarsening-upward and fining-upward sequences, The slightly channel ized beds (facies S2) which characterize this facies association consist of up to 1'5 m thick coarse to fine sands tones that are either struc tureless or show trough cross bedding, The shape, sedimentary structures and the association with sheet-like sandy fades indicate that facies S2 corresponds to channel-fill depos its, The channels developed as distributary networks in the proximal portions of terminal lobes,
Non-channeli zed termi nallobe
This facies association is dominated by thin grey and locally reddish tabular sandstone beds, 10-20 cm thick, with a lateral extent of between 100 and 600 m, which were originally deposited by expanded floods (facies S3, Fig, 6A and E), The sandstone beds may be amalgamated or they can alternate with finely laminated red to grey-blue mudstone and, occasionally, grey marlstone (facies Ml, M2 and Ms), Overall, the beds are arranged in coarsening-upward or fining- upward sequences. Poorly developed hydromor phic palaeosols which can be traced for over 500 m appear between red mudstones. The tabular sandstone beds (fades S3, Table 1 ) show very good sorting, normal grading from very-fine or fine sand to very-fine-sand or silt dominated by climbing-ripple (Fig. 6D) and pla nar lamination. There are also structureless layers and layers displaying symmetric current-ripple and convoluted lamination, and tool and flute marks (Fig. 6E) are present on some bed bases. The assemblage of features indicates that the sandstone layers were deposited mainly by quasi steady hyperpycnal turbidity currents, formed when sediment-laden fluvial flood discharges entered standing, lower-density water bodies (Mulder & Alexander, 2001; Zavala et al., 2006) .
Temporary shallow lakes may have formed dur ing peak flood conditions. Some sandstone beds have wave rippled (Fig. 6D ) and undulating top surfaces, together with climbing ripple lamin ation (Fig. 6C ). These features suggest secondary currents reworked the top surface of the fine sand deposits. Rain drops (Fig. 6F) , desiccation cracks, trace fossils characteristic of the Scoyenia ichno fades (i.e. bird tracks, Fig. 6H , and Taenidium, and upper parts of the coarsening-upwards sequences, all indicating sub-aerial exposure soon after deposition. These structures also indi cate that wet and soft grounds were formed during periods of rapid fluctuation of a relatively high water table (Buatois & Mangano, 1998) with scarce or absent vegetation. The existence of these persistent wet grounds is in contrast to the medial fluvial fan where interchannel areas were pre dominantly dry,
The wide palaeocurrent dispersion (Fig, 3 ) and the association with channelized facies indicate that the tabular sheet-like sandstones correspond to lobe deposits which spread out as frontal (and possibly lateral) splays generated at the distal termination of distributary fan channels, Ter minal lobes were formed by density underflows into very shallow ephemeral standing bodies of water that onlapped the fan toes during and immediately following flood events in distal fluvial fan areas, The dominance of climbing ripple structures indicates that lobe deposits are related to sub-aqueous traction-plus-fallout pro cesses generated by turbulent flows with a high suspended load (J opling & Walker, 1968; Mulder & Alexander, 2001; Mulder et al., 2003) . The abundance of sub-aerial organic and inorganic structures on the top of the sandstone beds indicates a short duration for the standing shal low water body, which probably dried out by evaporation and/or water infiltration into the previously deposited sandy lobe deposits. How ever, the sands tones interbedded with grey-blue mudstones or marlstones in the lower parts of the coarsening-upwards sequences and those sand stone beds which are overlain by carbonates indicate persistent standing bodies of water following sand -sheet deposition.
Mudflat (MF)
This association consists of finely laminated red (facies Ml) or grey-blue (facies M2) mudstones. These facies form several metres thick intervals associated with the lower part of coarsening fining cycles of the terminal lobe facies (NCTL and CTL facies associations). The relative abun dance of red and grey-blue mudstones depends on the context. Red mudstones are more abundant close to the transition to the terminal lobe sandy deposits and usually contain thin sandy-silty beds with ripple lamination. Grey-blue mud stones are more abundant at the lateral and vertical transitions to the evaporite playa-Iake facies (facies PL) and may contain lenticular gypsum beds and locally sparse gypsum nodules.
The red mudstones are interpreted as proximal mudflat deposits fringing the terminal lobes. Locally, primary lamination is obscured by the occurrence of gypsum nodules. The grey-blue mudstones are interpreted as distal mudflat deposits, appearing as a continuous fringe pass ing laterally into lake facies.
Lacustrine facies associations
Deltas (DL)
This association consists of grey-yellow ribbon sands tones (high width/height ratio in transverse section) to sheet-like channelized sands tones up to 1·6 m thick and 100-500 m wide (facies S4), grey-yellow, sheet-like, tabular fine sandstones from 10 to 40 cm thick and 50-300 m wide (facies S5) and yellow to brown mudstones (facies M3). These facies are arranged in 1·3-3·5 m thick coarsening-upward sequences (Fig. 7 A) . No signs of sub-aerial exposure have been found in this association. Usually, the channel-fill deposits (facies S4) are composed of coarse to medium sandstone and are vertically amalgamated form ing sandstone packages up to 2·5 m thick. They exhibit trough cross-bedding, flat lamination, rip up clasts at the base and hydromorphic soil horizons on top. The sheet-like sandstones are dominated by climbing ripple and planar lamin ation or structureless layers (facies S5, Table 1 ). Deltaic mouth bars have more restricted lateral extents than the terminal lobes.
These deposits are interpreted as fluvial dominated prograding deltas, in which fine grained prodelta and interdistributary bay (facies M3), mouth bar (facies S5) and channel fill (facies S4) deposits may be differentiated (Fig. 7 A) . This is mainly based on the sequential coarsening upward arrangement and their stratigraphic posi tion between red distal fan and lacustrine off shore deposits. A lower density for the lake water compared with the fan channel effluent and shallow lake conditions favoured the formation of high width/height ratio friction-dominated mouth bars. Other deposits described in shallow lacustrine ancient record (Farquharson, 1982; Cabrera, 1983) are similar in bed lateral extent and sequential thickness. As for the terminal lobes, sub-aqueous traction-plus-fallout processes generated by turbulent flow with high suspended load dominated mouth bar deposition. Lacustrine delta facies recognized in the Sanaiija outcrop are interpreted as permanently sub-aqueous deposits except for hydromorphic soils developed in the capping channel facies reflecting overall progra- dation. Although well developed red sub-aerial delta top facies are not recorded in the outcrop, it is possible that they are present in more proximal locations.
Evaporitic p1aya-1ake (PL)
This association consists of gypsum beds (facies G) in (J·3-2 m thick intervals that alternate with grey-blue and yellow mudstones (fades M2 and M3). Gypsum beds are tabular, 10-30 cm in thickness, and mainly display nodular facies associated with fine-grained or microcrystalline laminated layers. The laminated gypsum inter vals, up to 0·5 m thick, consist of alternating laminae of white or grey gypsum and grey clay. Nodular and laminated intervals can reach more than 10 km in extent.
The nodular gypsum formed interstitially in the clayey sediments as anhydrite nodules by evap oritic pumping (Hsu & Siegenthaler, 19(9) in marginal sub-aerial zones of the lake, whereas the laminated gypsum fo=ed in saline sub-aqueous enviro=ents which experienced evaporative concentration alternating with clay deposition during major floods. The repeated alternation of nodular and laminated gypsum facies forming intervals up to 1 m thick and several kilometres in lateral extent indicate high-frequency oscilla tion of lake level (Hardie et al., 1978; Salvany, 1997; Arenas & Pardo, 1999) .
Caroonate-rich lake and ponds (CL)
Fades St consists of m-thick, white siltstone intervals with a variable carbonate content. The siltstone may be finely laminated, massive or display lenticular (flaser) bedding of fine sand. Some carbonate-rich intervals show irregular and wavy lamination that may be stromatolitic (Fig. 7B) . Occasionally, the siltstones contain gypsum casts (Fig. 7C) and chert nodules. These fades originated in an offshore shallow lacustrine enviro=ent with an oscillating water level, and consequent saline and diluted phases.
Facies L are limestone beds, 5-30 cm thick, that commonly alternate with grey mudstones (facies M2), fo=ing limestone-rich intervals several metres thick. Two limestone lithofacies, fo=ing several dm-thick to m-thick shallowing-up cycles have been recognized; (i) light-grey massive car bonate mudstone with abundant charophyte gy rogonites; and (ii) lenticular beds of dark, organic matter rich, sandy wackestone with mollusc-shell fragments and root traces. These lithofacies are interpreted as freshwater carbonates that accu mulated in offshore and nearshore shallow lacus trine enviro=ents respectively (Saez, 1987; Cabrera & Saez, 1987) .
Facies Ms are grey-blue marlstone intervals that locally contain charophyte remains and are usually intercalated with tabular sandstones representing terminal lobe deposits (fades S3). They are interpreted as resulting from ephemeral ponding in terminal inter lobe areas.
TERMINAL LOBE EV OLUTION -DISTAL CARDONA-SURIA FLUVIAL FAN
Correlation between the Cardona and Sliria suc cessions in a NNW-SSE, proximal-distal section along the Cardona-Suria fluvial fan system (Figs 2, 3 and 8) can be achieved by using the thicker mudstone intervals as key beds. A lateral transition over 13 km long between medial fluvial fan deposits (Solsona Fm.), distal fan (Suria Fm.), and mudflat facies (Suria Fm.) is evident. The correlation reveals an overall coarsening-upward megasequence, up to 800 m thick, which reflects the long term, N to S progradation of the Pyrenean alluvial system. The lower 190 m of the Suria Fm. (Fig. 8 ) shows both lateral and vertical transitions from channelized terminal lobe facies (CTL), to non channelized terminal lobe facies (NCTL), to mudflat deposits (MF) and, locally, to carbonate lacustrine facies (CL). Lacustrine, mudflat and sandy terminal lobe facies are also arranged in medium scale, tens-of-metres-thick coarsening upwards sequences, as a result of progradation pulses of the alluvial system (Fig. g) these sequences are overlain by poorly defined fining-up sequences that represent the retrogra dational part of a pro gradation-retrogradation stack of distal fan environments. The retrograda tional deposits culminate with the expansion of mudflats or the transgression of very shallow ephemeral water bodies onto sandy terminal lobe deposits (Fig. g ). One complete progradation retrogradation cycle may range in thickness from several metres to about 40 m. The largest outcrops in Suria show a lateral change from channelized facies to non-channelized facies. This change is observed in Fig. g , from west to east, between key beds 14 and 22. The correlation between the Cardona and Suria exposures (Fig. 8) suggests that the length of individual terminal lobe bodies may exceed 10 km.
The sandstone-dominated parts of the progra dation-retrogradation terminal lobe sequences also include minor coarsening-upward to fining-
CHANNELlZED (PROXIMAL) TERMINAL LOBE DEPOSITS (CTL) MUDFLAT DEPOSITS (MF)
]" Medium and minor scale upward cycles. These minor cycles, which are better recognized in the CTL facies (Fig. 5) , are 1-3 m in thickness and comprise 5-10 sandstone beds. In the channelized terminal lobe facies, the sheet-sandstone and channel-sandstone beds show lateral pinch-outs. These cycles probably reflect lobe switching because of compensation of successive flood deposits (Fig. 5) . Isolated lenses comprising deeply incised channel-fill deposits occur within the mudflat or the distal-fan deposits of the thickening upward sequences. These channel deposits are ribbon-like and exhibit both low width/height ratio and high vertical-accretion rates. Channels in the terminal lobe deposits are dominated by facies S2a, and a typical example is shown in Fig. 10 . The channel fill here is 2'5 m thick, with sandy and muddy lateral accretion sigmoidal bodies (la in Fig. 10 ) and levee deposits (pI and dI in Fig. 10 ). The coeval levee deposits are up to 0'5 m-thick and extend from the opposite margin of the channel to that with lateral accretion deposits. Proximal levee deposits (pI in Fig. 10 ) form wedge-shaped sandstone deposits with dense root traces and internal fractures, and are contiguous with the channel fill deposits, whereas distal levee deposits (dI in Fig. 10 ) are represented by tabular sandstone with intense bioturbation by beetles. The rela tionship of these channels to flood plain depos its is not observed. The exceptional preservation of levee deposits may have been favoured by strongly aggrading conditions and rapid channel avulsion (Brierley et al., 1997) . Channel deposits in the mudflat facies (facies S2b) are anomal ously deeply incised (up to 1' 5 m) and are interpreted to reflect base-level falls. These lake-level falls occurred during rapid and pro longed phases where the shoreline of the low gradient playa-Iake system shifted to the south, resulting in incision of the distributary channels into the distal fan surface (facies S2a) and mudflat deposits (facies S2b). This interpretation is supported by the correlation of facies S2b channel deposits at the same stratigraphic level between two outcrops separated 1 km apart in the Suria area (see beds identified by asterisk above key bed 8 in Figs 8 and 9 ).
Deltaic sequences have not been recognized in the Cardona-Suria system. Periods of lake expan sion generated fining-upward cycles which cul minated in thin carbonate-Iacustrine, palustrine and/or mudstone-dominated wet mudflat depos its (Fig. 8) . A minor scale � coarsening-fining upward cycle � "" � , ; cove red 
TERMINAL LOBE AND DELTA PRO GRADATION -DISTAL SOLSONA SANAUJA FLUVIAL FAN
The stratigraphical correlation between the suc cessions in the Cardona-Suria and Solsona Sanaiija areas (Fig. 2) , including lithological data from the Guisona oil exploration well (Lanaja, 1987) , shows that the coarsening-upwards mega sequence of the Cardona-Suria fan system is the lateral equivalent of the same coarsening upwards megasequence in the Solsona-Sanaiija fan . However, whilst the distal exposures of the Cardona-Suria fan are dominated by terminal lobe deposits only, the Solsona-Sanaiija fan sequence contains evidence for episodic lake expansions and significant intervals of lacustrine facies (Fig. 11) .
The Solsona-Sanaiija coarsening-upward megasequence is characterized by the superposi tion of three main sequences (Fig . 11B) : (i) a lower sequence, up to 500 m thick, mainly composed of gypsum deposits which originated in an evaporitic playa-lake (Barbastro Fm.); (ii) a cen tral sequence, 240 m thick, consisting of three intervals characterized by fluvial, deltaic and lacustrine sandstones and mudstones (10, 130 and 25 m thick respectively), intercalated be tween evaporitic and carbonate lacustrine depos its (Suria and Tora Fms); and (iii) an upper sequence, several metres thick, composed of medial fluvial fan deposits (Solsona Fm.).
The upper interval of the central sequence includes five minor units (1-5, from base to top), and is particularly well exposed along a 5 km long, NE-SW cross section transverse to the transport direction of the Solsona-Sanaiija fluvial fan system (Fig. 11) . A correlation panel (Fig . 11A ) was made by laterally tracing individ ual sandstone beds between vertical measured sections. The facies composition and lithological transitions across these five units serves to illus trate the relationship between alluvial and lacus trine deposits in this area :
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:m:----:-42; ;;5c: :m=-------01" "20; ;------:;-;19" '"8-=-m Unit 2 is mainly composed of red (facies M1) and grey-blue mudstones with gypsum nodules (facies M2). The upper part of this unit also shows intercalations of fine sandstones interpreted as turbidites and red mudstones (facies S3, M1). The transition from Unit 1 to Unit 2 occurs in two ways : (i) gradually, through the presence of increasingly lenticular gypsum beds (i ,e. section C, in Fig. l1A) ; or (ii) sharply, marked by a gyp sum dissolution surface (Le. sections B and G, in Fig. 11A ). These features indicate a mudflat environment with ephemeral, saline ponding that eventually became diluted by freshwater floods from advancing fluvial fan channels , Unit 3 consists of an alternation of grey and red tabular sheet-like sandstones (facies S3) and red mudstones (facies M1). Tabular sandy bed pack ages are arranged mainly in minor 1-3 m thick, coarsening-up sequences with channelized beds at the top which show less incision than those assigned to facies S2. Palaeocurrent trends from tool and flute marks show a large dispersion, indicating flow to the SE round to the W (Fig. 11A) . Some minor fining-upward sequences occur laterally to the coarsening-up sequences, suggesting compensation (Fig , 11A) .
The sandy lobes were generated as a con sequence of flow expansion on terminal lobes. The flow expansion and the presence of hydro morphic palaeosols were favoured by gentle slopes (probably less than 0 . 1°, as described for Markanda terminal fan, Mukerji, 1976) . During floods, water exiting terminal lobe channels spread out as frontal splays, explaining the wide palaeocurrent dispersal. Although the transverse orientation of the outcrops do not provide full details of the facies relationships, some terminal lobes were probably formed from lateral splays of the channels (crevasse splays) by analogy with the recent Neales Terminal splay (L ang et al., 2004) . During this interval, successive floods through the distributary channels produced fron tal and lateral fan lobes which coalesced to form a fringe of amalgamated sandstone bodies resulting in a continuous sandy belt that prograded and retrograded in a N-S direction (Fig. 3) . The gradual, vertical transition from Unit 2 to Unit 3 (forming a medium-scale coarsening-upward trend) indicates the southward progradation of the terminal lobe onto previous mudflat and shallow lacustrine areas.
Lateral to the sheet sandstone facies (between logs J and K, Fig. llA) , anomalously deep incised channel deposits (up to 1·2 m thick) occur in the upper part of Unit 3. These channels suggest local incision because of minor lake-level falls as in the Suria-Cardona system described above (facies S2a).
Unit 4 (lower Tora Fm.) is composed of yellow to brown mudstones (facies M3), grey sheet-like sandstones (facies Ss) and channel-like sand stones (facies S4) arranged in coarsening-upward, prograding delta sequences 1·3-3·5 m thick (Fig. 7 A) . In contrast to the terminal lobe facies, these deposits are barren of trace fossils. These sequences succeed one another and are up to 4 km wide. The vertical transition between red terminal lobe facies of Unit 3 to lacustrine facies of Unit 4 is sharp, pointing to a rapid lacustrine transgression-expansion facilitated by the gentle gradient of the distal fan.
Unit 5 (upper Tora Fm.) consists of white car bonate silts tones and grey marly mudstones which display a variable carbonate content (facies St). The siltstones display fine lamination, inter bedded stromatolitic horizons (Fig. 7B) , lenti cular gypsum casts (Fig. 7C ) and lenticular bedding of very fine sandstones. All these fea tures indicate shallow lacustrine deposition (facies association CL). Sandstone bodies at the base of the unit record the transition of the deltaic sequences to lacustrine deposits.
Above Unit 5, poorer outcrops prevented detailed tracing of the succession. Nevertheless, isolated exposures suggest the occurrence of sandstone-dominated deltaic facies, similar to those described in Unit 4, in transition to the fluvial facies of Solsona Fm. These nearshore deposits indicate the last regressive phase of the lacustrine system in the Sanaiija area.
Overall, the correlation panel (Fig. llA) clearly documents a regressive-transgressive cycle char acterized by the vertical stacking of: (i) evaporitic playa-lake gypsum (U nit 1); (ii) mudflat mud stones (U nit 2); (iii) NCTL sandstones (Unit 3); (iv) deltaic lacustrine deposits (U nit 4); and (v) offshore lacustrine carbonate silts tones (Unit 5), the latter two resulting from the expansion of the basin centre lacustrine system. This sequential arrangement indicates palaeoenvironmental changes that occurred in the transition from the low-gradient distal fluvial fan to the shallow lacustrine systems in the Sanaiija area during a major phase of lacustrine expansion and/or deep ening. In addition, during this phase the lacus trine system showed marked changes in salinity, water chemistry (chloride-sulphate to carbonate dominated) and water depth (from playa environ ments to lakes several metres deep, allowing the development of marginal deltaic environments). These data also imply that the water depth of the lacustrine environment, where the distal-alluvial sandy sediments were deposited, was critical to the development of either terminal lobe or deltaic environments.
DISCUSSION
Controls on the sedimentary architecture of the distal fan deposits
The analysis of the facies changes and the sequential arrangement of the distal fluvial fan deposits and their relationship with the coeval lacustrine systems can reveal important informa tion on tectonic, climatic and sedimentary pro cesses (K eighley et al., 2003; Leier et al., 2005) . In the Ebro Basin, the facies assemblage and archi tectural style of the transition between distal alluvial systems and lacustrine settings reflects the balance between: (i) the aggradation/progra dation of fans; and (ii) changes in lake level. The former is a function of subsidence rates, thrusting at the mountain front and trunk river avulsion on the fans, and determines the large-scale sequen tial arrangement. The latter is climatically forced and may also reflect drainage changes in the hinterland. Lake-level changes impact on the kind of alluvial-lacustrine transition in distal fluvial fan settings (see below).
The major tectonic control on fluvial fan accu mulation was activity on the E-W orientated Pyrenean front. where the catchment basin and drainage network feeding the two Palaeogene fluvial fan systems of the eastern Ebro Basin were located. The positions of the main source areas were linked to transverse and oblique structures, and probably correspond to the precursors of the modern Cardener and Llobregat river valleys (Fig. IB) . A similar arrangement occurs in the south-central Pyrenees with the Cinca. Alcanadre and Noguera Ribagor�ana rivers (Hirst & Nichols. 1986; Jones. 2004) .
The catchment basins in the eastern Pyrenees grew synchronously as the orogenic wedge grew and advanced to the south. Basinward advance of the fans was probably linked to thrust propaga tion in addition to expansion of the source area which would have included significant river capture. The basinward progradation of the fan systems resulted in an overall coarsening upwards megasequence spanning ca . 2 Myr (Ana don et al .
• 1989). The three alluvial-lacustrine intervals of the central sequence in the Sanaiija area, and the intermediate-scale sequences in the Suria-Cardona area. correspond to prograda tional-retrogradational pulses set within the overall coarsening-upwards progradational mega sequence. In this tectonically active setting. climate variations would have exerted an import ant control on the sedimentary architecture at a smaller scale. Nevertheless. it is difficult to isolate climate forcing at the scale of the inter mediate to minor scale cycles without more precise age control. and in the absence of palae biological and/or geochemical proxies. It is likely that the intermediate scale facies arrangement was determined by a combination of climate, tectonics and autocyclic processes.
Differences in subsidence rates also influenced the facies changes and the sequential arrange ment of the distal fluvial fan deposits and their relationship with coeval lacustrine systems. Rel atively low subsidence rates in the Cardona-Suria area favoured shallow lakes and. consequently. distal fluvial fan environments were character ized by terminal lobe facies. Relatively high subsidence rates in the Solsona-Sanau ja area favoured lake-level fluctuations and periods with more persistent deeper lakes that promoted distal delta formation.
The absence of well-developed non-hydro morphic palaeosols and aeolian deposits in the studied sequences. although they are common in similar modern alluvial-lacustrine settings (e.g. Croke et al .• 1996) . is consistent with high sedi ment accumulation rates. The lack of a well developed aeolian component may also reflect a relatively humid climate. given the palaeo-latitu dinal position of the Ebro Basin at the time of deposition. Repeated reworking by streams and waves of the aeolian deposits. if formed. could explain their low preservation (Hinds et al .• 
2004).
Alluvial-lacustrine transitions in distal fluvial fan settings
In the Ebro Basin. repeated vertical and lateral facies changes within the Palaeogene distal fan record reflect the high sensitivity of these palaeo environments to changes in sediment supply, water flux. subsidence rate and base level. The sensitivity reflects; (i) the low gradient of the depositional surface where the alluvial and lacustrine deposits accumulated; and (ii) the shallow and oscillating water table and lake level. The changes in the transition style between the distal fluvial fan deposits and the basin centre lacustrine deposits can be explained by the alternation of lowstand and highstand phases in the lake.
Low la ke le vel
At times of low lake-level (Fig. 12) . mudflats characterized by dry surfaces and isolated ponds were well developed in the distal fringes of the fluvial fans. Where the water and sediment input from the fluvial fans increased. the mudflats were replaced by advancing terminal lobe environ ments, as is evident in the sections at Cardona, Suria and Sanaiija. In these cases. progradation of terminal lobes occurred in front of numerous low order distributary channels resulting in a con tinuous sandy fringe of coalesced lobe elements (Fig. 3) . The location of this fringe was deter mined by the size and shape of the fluvial fan systems, mainly a function of basin subsidence and sediment supply to the fan. Accommodation for individual sandy lobes was locally controlled by the location of the fore deep zone and by the topography generated by the distribution of pre vious lobe deposits at the fan margin.
The thin bedded sandstone deposits which dominate the sandy part of the terminal lobes (NCTL f. a.) are interpreted to have been gener ated by streams entering either; (i) an existing lowstand shallow lake; or (ii) ephemeral short- lived ponds formed on commonly dry, non vegetated mudflats by water discharged or sup plied in the same flooding event that contributed the sand. In both cases, when the channelized flood entered the water body, the density contrast between the incoming flow and the receiving water body produced a turbidite hyperpycnal flow. Flow expansion from stream mouths can result in sandy lobes hundreds of metres in width. The suspended load supplied in each flood settled rapidly in the lobe and inter-lobe areas. In the shallow sub-aqueous settings, sur face waves formed wave ripples. The total or partial sub-aerial exposure of the sand lobes was caused by the subsequent evaporation and infil tration of the water. This could have led to partial erosion and reworking of the sediment by sub sequent processes such as wind, animal and plant activity. However, in the studied case, the water table probably remained relatively high (i.e. cen timetres to tens of centimetres beneath the sur face), as is demonstrated by the preservation of bird and mammal tracks and other trace fossils such as Thaenidium, but without evidence of significant vegetation.
Temporary lake-level drops may have produced incision of the drainage network in the distal fan which consequently influenced the distribution of subsequent sand accumulations along the fan margin. These lake-level drops are recognized by the presence of isolated ribbon-like channels, anomalously deeply incised in the lobe and mudflat deposits, at the same stratigraphic posi tion in different sites (i.e. 10 m above key bed 8 in North Suria and West Suria cross sections, Figs 8 and 9). Nevertheless, because of a lack of continu ous N-S outcrops, it is not possible to recognize which incised channels splay out to form which distal sheet deposits. In any case, the scarcity of deeply incised channels suggest that lake-level falls were probably not the main mechanism whereby the terminal lobes prograded.
High lake level
During stable, relatively deep lacustrine condi tions (probably linked to a wet phase), floods from the fluvial channels built fluvial-dominated del tas at the lake shoreline (Fig. 13) . As in the case of the terminal lobes, hyperpycnal flows dominated transport and deposition, forming deltaic mouth bars. The absence of littoral currents and weak wave action in the shallow nearshore areas of the lacustrine system prevented lateral re-distribu tion of sand, thus explaining the lack of continu ous sandy shorelines (beaches) and shorefaces. Terminal lobe deposits that are sharply overlain by deltaic facies suggest that the lake water rose rapidly.
The onset of delta pro gradation recorded in the Solsona-Sanau ja fluvial fan system was associ ated with lake-level changes. During phases of lake-level expansion and stabilization, the deltas prograded. Rapid lake-level rises displaced the shoreline up to several kilometres northwards (Fig. llA) and during the subsequent lake-level stabilization phase, shoreline accommodation was filled by a new delta-pro gradation cycle. In the Sanaiija succession, the vertical transition from terminal lobe facies to offshore lacustrine facies is characterized by littoral deposits which are arranged in five deltaic progradational cycles (Fig. 10) suggesting that significant lake expan sion occurred in discrete pulses.
Deltaic deposits formed locally in front of major fluvial fan channels during high lake-level con ditions and were laterally separated from one another by muddy interdistributary bay deposits.
The lake depth during lake highstands was critical to the formation of deltas on the shoreline. When the water was less than about 1·3 m deep (the minimum thickness of the observed deltaic progradational sequences) sub-aqueous terminal lobes formed in front of the distributary channels. This is supported by the common occurrence of exposure indicators on top of the lobes, whereas such features are absent in the deltaic mouth bar deposits. The absence of deltaic deposits in the fringe of the Cardona-Suria Fan probably reflects less persistent and shallower lacustrine condi tions in this area compared with the distal part of the adjacent the Solsona-Sanaiija Fan.
CONCLUSIONS
1 Two Palaeogene fluvial fan (megafan) systems linked to the Pyrenean front are recognized in the eastern Ebro Basin. The Cardona-Suria and Sol sona-Sanaiija fluvial fans were 40 and 35 km in radius and 800 and 600 km2 in area respectively. They were fed by large drainage areas which exploited transverse structures along the main south-Pyrenean thrust (probably related to the modern Cardener and Llobregat river valleys). During the Priabonian to the middle Rupelian, the fluvial fan systems advanced into a hydro logically closed foreland basin, and shallow lacustrine systems persisted in the basin centre.
2 The Cardona-Suria and Solsona-Sanaiija fluvial fans both form an overall upward-coar sening megasequence (> 800 m thick) that includes medial and distal fluvial fan, mudflat, and playa-Iake facies. This upward-coarsening mega sequence is linked to an increase of the drainage areas through time and the southward advance of Pyrenean front.
3 A near longitudinal N-S, 10 km long, corre lated section between the Cardona and Suria areas shows a marked lateral facies change from fluvial-dominated, medial-fan deposits (Solsona Fm.) to mudflat and terminal lobe deposits (Suria Fm.). A transverse, continuous W-E cross sec tion, 5 km long, in the Sanaiija area shows rapid lateral facies changes between evaporitic playa lake, mudflat, terminal lobe, deltaic and carbon ate-rich lacustrine deposits. Facies analysis of the sequences from both correlation panels identifies two styles of alluvial-Iacustrine transition and these are related to lake-level conditions and the subsidence rate in distal fan areas. In the Cardona-Suria Fan, relatively low subsidence rates favoured dominantly shallow and ephem eral lake conditions and, consequently, distal fluvial fan environments were characterized by terminal lobe facies. In the Solsona-Sanaiija Fan, higher subsidence rates favoured lake-level fluctuations and periods of more persistent high lake-level conditions. Consequently the alluvial lacustrine transition was characterized by alter nations between fluvial-dominated delta deposits (separated by interdistributary muds) during highstands, and terminal lobe deposits during lowstands.
4 Sandy terminal lobes are arranged in inter mediate scale, coarsening-fining-upward se quences (up to 20 m thick) associated with mudflat facies. The progradational character of the terminal lobes was controlled by a combination of tectonic, climatic and fan channel avulsion processes. The sandy lobes are made-up of the deposits of density underflows into ephemeral standing bodies of water that formed and onlapped the fan toes during and immediately following flood events in distal fluvial fan areas. The sedimentary structures and trace fossils indicate that the lobe deposits were formed by quasi-steady hyperpycnal turbidity currents which were followed by a rapid sub-aerial exposure.
5 Coarsening-upwards sequences (up to 3'5 m thick) overlying offshore lacustrine facies char acterize the progradational deltaic deposits. Fine grained offshore lacustrine and prodelta deposits are overlain by sandy mouth bar and feeder channel deposits reflecting progradation of fluvial fan channel mouths. Distal mouth bar deposits have a frictional character and were formed by similar hyperpycnal processes as the terminal lobes but resulted in less extensive sandbodies, restricted palaeocurrent dispersions and lack of emersion features.
6 Minor (metres to tens of metres in thickness) terminal lobe cycles were probably controlled by climatic oscillations and autocyclic sedimentary processes such as channel avulsions or lobe switching, and by lateral compensation on the low-gradient distal fan surface, During relatively wet periods, the terminal lobes prograded onto the shallow lacustrine and mudflat areas resulting in coarsening-upward sequences, consisting of mudstone, tabular sandstones and channelized sandstones, During the relatively dry periods, the terminal lobes experienced retrogradation and generated fining-upward sequences that overlie the previously accumulated coarsening-upward cycles, The presence of relatively deeply incised distributary channels associated with distal ter minal lobe facies of the Cardona-Suria system indicates rapid lake-level falls, 7 The internal stacking of the deltaic deposits (in cycles several metres thick) formed during lake high-stand conditions and are attributed to minor lake-level oscillations, During periods of lake-level stabilization, normal deltaic prograda tion produced coarsening-upward sequences. The thinnest progradational sequence, 1·3 m thick, is a proxy for the minimum depth for the lake water into which the deltas prograded. The sandy del taic facies formed in restricted shoreline zones at the termini of the active channels and are separ ated from one another by muddy interdistributary bay deposits. In contrast, the terminal lobe sheets expanded from a series of mid-fan intersection points and coalesce to form a continuous sandy fringe wrapping around the distal fan.
